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(57) [Problem] It is to provide novel ruthenium complexes having an optically active diphosphine compound, which 
has asymmetry on carbon and is easy to synthesize, as the llgand and a process for preparing optically active alcoholic 
compounds using said complexes as the catalysts, wherein said process is the process for preparing optically active 
alcoholic compounds, which are excellent in terms of reactivity, enatioselectivity and the like in an asymmetric hydro- 
genation of carbonyl compounds compared with conventional ruthenium complex catalysts having an optically active 
diphosphine compound having the axial chirality or the asymmetry on cari3on as the llgand. 
[Solution) An optically active ruthenium complex represented by the general formula (1) 
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(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 
group, Ri and R2, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon group 
of carbon number 1 to 20, which can be substituted, and R^, which can be identical to or different from each other, 
represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and R^, which can be 
identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which can be 
substituted, with the proviso that when X and Y are bromine, R*" and R2 are a methyl group, and when R^ and R^ are 
a hydrogen atom, at least one of R^, r6, r7 and R^ Is not a phenyl group.). 
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Description 

Detailed description of the Invention 
5 [Technical Field of the Invention] 

[0001] The invention relates to a novel ruthenium complex and a process using said complex as a catalyst for pre- 
paring an optically active alcoholic compound. More partlcularty. the Invention relates to a ruthenium complex, which 
is a highly efficient catalyst useful for preparing an optically active alcoholic compound as an Intemiedlate or the like 
10 of pharmaceuticals, agricultural chemicals or commodity chemicals, and a process using said complex as a catalyst 
for preparing an optically active alcoholic compound. 

[Prior Art) 

15 [0002] Transition metal complexes having optically active diphosphine compounds as the ligands are extremely use- 
ful as catalysts for asymmetric reactions and a large number of catalysts have been developed so far. Since the optically 
active diphosphine compounds give a great effect to a catalyst perfomiance, a variety of optically active diphosphine 
compounds have been developed. For example, an axially chiral diphosphine compound represented by BINAP or a 
diphosphine compound having asymmetry on cariDon such as DlOP are known. However, although asymmetric hydro- 

20 genation or asymmetric reduction catalysts, which have been examined in a large number, are useful as catalysts for 
olefins or carbonyl compounds having a functional group, they have not shown either a sufficient efficiency or a sufficient 
enatioselection for the reactions of cariDonyl compounds having no functional group. 

[0003] In order to solve these problems, optically active ruthenium metal complexes having as the ligand an axially 
chiral diphosphine compound and an optically active diamine compound have recently been developed and a highly 

25 efficient as well as highly stereoselective hydrogenation or reduction of carbonyl compounds have become possible. 
For example, as described in 1) JP, A, 8-225466 and J. Am. Chem. Soc. 1995, 117. 2675. a process for canning out 
the asymmetric hydrogenation of a carbonyl compound using a three-component catalyst system consisting of 
" ruthenium complex having as the ligand an optically active diphosphine compound" , " optically active diamine com- 
pound" and - base" has been developed. Also, as described in 2) JP. A. 11-189600. J. Am. Chem. Soc. 1998, 120, 

30 13529 and Angew. Chem. Int. Ed. 1998, 37, 1703, a process for carrying out the asymmetric hydrogenation of a carbonyl 
compound using a two-component system catalyst consisting of " ruthenium complex having as the ligands a diphos- 
phine compound and a diamine compound" and " base" . improving complexity of the reaction using the three-compo- 
nent system has been reported. 

I0004J In the above patents and reports, although the use of catalysts having as the ligand BINAPs (hereinafter 

35 BINAP. TolBINAP and XylBINAP generically are refen-ed to as BINAPs) is reported, reporting examples of catalysts 
having as the ligands other axially chiral diphosphine compounds are not abundant. As for an example of the asymmetric 
hydrogenation of carbonyl compounds using a ruthenium metal complex having as the ligand an axially chiral diphos- 
phine compound except BINAP. as described in 3) WO 01/74829 and Org. Lett. 2000, 2. 26, 4173 catalysts consisting 
of two components of a mthenium complex having as the ligands an optically active PHANEPHOS and an optically 

40 active diamine compound and a base have been reported. Further, in 4) J. Org. Chem. 1999, 64, 2127 the asymmetric 
hydrogenation of carbonyl compounds using a three-component system catalyst consisting of a ruthenium complex 
having the optically active BICP as the ligand, an optically active diamine compound and a base has been reported. 
By the catalyst of 3) the symmetric hydrogenation of acetophenone gives an optically active phenethyl alcohol of the 
optical purity 99% ee. The catalyst of 4) gives an optically active phenethyl alcohol of the optical purity 76% ee by the 

45 asymmetric hydrogenation of acetophenone. 

[0005] On the other hand, there are fewer examples of the asymmetric hydrogenation of carbonyl compounds by a 
ruthenium metal complex having an optically active diphosphine compound with asymmetry on carbon as the ligand, 
and an effective catalyst has not been found. For example, in 5) CHIRALITY 2000. 12. 514 the asymmetric hydrogen- 
ation of acetophenone using a two-component system catalyst consisting of a mthenium complex having the optically 

50 active SKEWPHOS and the optically active OPEN as the ligands and a base has been reported, achieving phenethyl 
alcohol of the optical purity 84% ee. In 6) JP. A, 8-225466 one example of the symmetric hydrogenation of p-ionone 
using a catalyst consisting of three components of a ruthenium complex having the optically active CHIRAPHOS as 
the ligand. an optically active diamine compound and a base has been reported, and the con-esponding optically active 
alcohol is obtained In the optical purity 53% ee. In both 5) and 6) the optical purity Is lower compared with the case 

55 using a ruthenium complex having the above BINAPs as the ligand. Although in 7) Angew. Chem. Int. Ed. 1998, 37. 
1703 the synthesis of ruthenium complexes having the optically active DlOP or the optically active CHIRAPHOS as 
the ligand is reported, examination as a catalyst for the asymmetric hydrogenation of a carbonyl compound Is not 
carried out. 
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[0006] As described above, since a catalyst consisting of a ruthenium metal complex having an axially chiral diphos- 
phine compound represented by BINAPs and a chiral diamine compound as the ligand and a base enables the asym- 
metric hydrogenation of a wide range of carbonyl compounds and shows a high reactivity and a high enantloselectivity, 
giving an optically active alcohol with a high optical purity and therefore, it is of high utility value. However, since said 
5 catalyst does not necessarily show a high perfomnance with respect to all the carbonyl compounds, development of a 
catalyst having an optically active diphosphine ligand other than BINAPs Is desired. 

[0007] Further, there are drawbacks in the synthesis of axially chiral diphosphine compounds. For example, the 
optically active BINAP is synthesized from binaphthol, which is obtained by the optical resolution, by methods shown 
in the following. 

10 [0008) In J. Org. Chem. 1993. 58, 1945 the reaction of 2,2'-bis-(trifuluoromethanesulfonyl)oxy-1,r-binaphthyl deri- 
vatized from the optically active binaphthol and in J. Org. Chem. 1994. 59, 7180 the synthesis by the reaction of 2,2'- 
bis-(trifuluoromethanesulfonyl)oxy-1,r-binaphthyl and diphenylphosphlne are reported. 

[0009] However, the above synthetic methods require beforehand obtain the optically active binaphthol by the optical 
resolution from racemic binaphthol and further derivatize this optically active binaphthol to an optically active diphos- 

15 phine compound of axial chirality. 

[0010] As described above, in the process for obtaining axially chiral diphosphine compounds in many cases the 
steps are generally tedious since 1) the synthesis is multi-steps, 2) the optical resolution step is required. 
[0011] As describe above, with respect to the asymmetric hydrogenation by a three-component catalyst system 
consisting of a ruthenium complex having an optically active diphosphine compound with asymmetry on carbon as the 

20 ligand, an optically active diamine compound and a base, or by a two-component system catalyst consisting of a 
ruthenium complex having an optically active diphosphine compound with asymmetry on cartson and an optically active 
diamine compound as the ligands and a base, the reported examples are extremely few, and complexes satisfying a 
catalytic performance have not yet been developed. 

25 [Problem to be solved by the Invention] 

[0012] Consequently, It was the purpose of the invention to provide novel ruthenium complexes having an optically 
active diphosphine compound, which has asymmetry on carbon and is easy to synthesize, as the ligand and a process 
for preparing optically active alcoholic compounds using said complex as the catalyst, wherein said process Is for 
30 preparing optically active alcoholic compounds, which are excellent in terms of reactivity, enatloselectivlty and the like 
in an asymmetric hydrogenation of carbonyl compounds compared with conventional ruthenium complex catalysts 
having an optically active diphosphine compound having the axial chirality or the asymmetry on carbon as the ligand. 

[Means for solving Problem] 

35 

[0013] Diphosphine compounds having asymmetry on carbon can easily be synthesized without an optical resolution 
step or the like, and thus the inventors made extensive studies noting that they may become more effective over Bl NAPs 
If a higher performance of catalysts having them as the ligands is realized. 

[0014] That is, based on that as an optically active diphosphine compound having asymmetry on carbon there is, 
40 for example, an optically active SKEWPHOS, the Inventors noticed that said compound can easily be synthesized by 
the method described in Japanese Patent Application No. 2001-401157 using as the material optically active 2.4-pen- 
tanediol obtained from 2,4-pentanedione by the method described in J. Am. Chem. Soc.1988. 110. 629 without an 
optical resolution, and synthesized a variety of novel mthenium complexes having optically active SKEWPHOS deriv- 
atives as the ligands and made extensive studies on their performance as the asymmetric hydrogenation catalyst for 
45 cartDonyl compounds. 

[0015] As a result, the inventors found out surprisingly that a ruthenium complex catalyst having as the ligand an 
optically active SKEWPHOS derivative, which is an optically active diphosphine compound having asymmetry on car- 
bon and can more easily be synthesized compared with an axially chiral diphosphine compound such as the optically 
active BINAP, has an excellent property as an asymmetric hydrogenation catalyst for carbonyl compounds and that 
50 the above problems are solved, thus accomplishing the invention. 

[0016] Namely, the invention relates to an optically active ruthenium complex represented by the general fomiula (1 ) 
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RuXy( HlA^p2 ) 

R V ( 1 ) 

(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 
10 group, R'* and R2, which can be Identical to or different from each other, represent a chain or cyclic hydrocarbon group 
of carbon number 1 to 20, which can be substituted, and R"^, which can be Identical to or different from each other, 
represent a hydrogen atom or a hydrocarbon group of cart)on number 1 to 3, and R^, R^, R^ and R^, which can be 
identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which can be 
substituted, with the proviso that when X and Y are bromine, Ri and R2 are a methyl group, and when R^ and R^ are 
IS a hydrogen atom, at least one of R^, R^, R'^ and R^ is not a phenyl group.). 

[0017] Also, the Invention relates to the above ruthenium complex wherein R^ and R^ are a methyl group, R^ and 
R4, which can be identical to or different from each other, are a hydrogen atom or a hydrocarbon group of carbon 
number 1 to 3, and R^, R6 R7 and RS, which can be identical to or different from one another, are a phenyl, 4-tolyl or 
3,5-xylyl group. 

20 [0018] Further, the invention relates to the above ruthenium complex wherein R^ and R2 are a methyl group, R^ and 
R4 are a hydrogen atom, and R^, R^, R^ and R®, which are identical to one another, are a 4-tolyl or 3,5-xylyl group. 
[0019] Also, the invention relates to the above ruthenium complex wherein R^ and R2 are a phenyl group, R^ and 
R4, which can be identical to or different from each other, are a hydrogen atom or a hydrocarbon group of carbon 
number 1 to 3, and R^, R^. R^ and R^, which are Identical to one another, are a phenyl. 4-tolyl or 3,5-xylyi group. 

25 Further, the invention relates to the above ruthenium complex represented by the general formula (2) 

RuXYAB (2) 

30 (wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 

group, and A is a compound represented by the below general formula (3) 



35 



40 




(3) 



(wherein R"" and R^, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon 
group of carbon number 1 to 20, which can be substituted, R^ and R^, which can be identical to or different from each 
other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and R^, which can 
45 be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which can be 
substituted.), and B is a compound represented by the below general formula (4) 



50 



NR 



55 



R13-C-Z-C- 

R^^ R 



11n12 



16 



(4) 



(wherein R^, R^°, R^^ and R^^^ which can be identical to or different from one another, represent a hydrogen 
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* 

atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least one 
of these groups is a hydrogen atom, R''^, R''^, R^® and R'*^, which can be identicai to or different from one another, 
represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, 
and Z IS a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, or a single bond.)). 
5 [0020] Furthemiore, the invention reiates to the above ruthenium complex in which ail of R^, R^, R^ and R^ are a 
phenyl group, wherein R^^ and R^^ are a hydrogen atom, R^"* and R''^ are a phenyl group, and when Z is a single 
bond, at least one of R^. Rio, Rii and R^z is not a hydrogen atom. 

[0021] And, the invention relates to the above ruthenium complex wherein all of R^ R^^, R" and R''2 are a hydrogen 
atom, R^^ is a hydrogen atom, R"""* Is an isopropyl group, R^^^ and R16 are 4-methoxyphenyl group, and Z is a single bond. 

10 [0022] Also, the invention relates to the above ruthenium complex wherein the compound A is a TolSKEWPHOS: 
2,4-bis-(di-4-tolylphosphino)pentane, a XylSKEWPHOS: 2.4-bis-(di-3,5-xylylphosphino)pentane, 2,4-bis-(diphenyl- 
phosphino)-3-methylpentane, 2,4-bis-(di-4-tolylphosphino)-3-methylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-meth- 
ylpentane. 1,3-bls-(dlphenytphosphino)- 1,3-dlphenylpropane, 1,3-bls-(di-4-toiylphosphlno)- 1 ,3-diphenylpropane, 
1 ,3-bis-{di-3,5-xyiylphosphino)- 1 ,3-diphenylpropane, 1 ,3-bls-{diphenylphosphino)-1 ,3-dlphenyI-2-methylpropane, 

15 l,3-bis-(di-4-tolylphosphiho)-1,3-diphenyl-2-methylpropane or 1,3-bis-{di-3,5-xylylphosphino)-1,3-dlphenyl-2-methyl- 
propane, and the compound B is diphenylethylenediamine or 1-isopropyl-2,2-di(p-methoxyphenyl)ethylenediamine. 
[0023] Further, the invention relates to a process for preparing an alcoholic compound, wherein said process com- 
prises a step of preparing the alcoholic compound by reduclnig a carbonyl compound with the reaction of hydrogen or 
a compound donating hydrogen In the presence of an optically active ruthenium complex represented by the general 

20 formula (1) 

R^R^P PR^R® 
RuXy( r,A^r. ) 

R^R^ ( 1 ) 



(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 
group, Ri and R2, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon group 
of carbon number 1 to 20, which can be substituted, R^ and R^ which can be Identical to or different from each other, 
represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, r7 and R^, which can be 
35 Identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which an be 
substituted, with the proviso that when X and Y are bromine, R'* and R2 are a methyl group, and when R3 and R^ are 
a hydrogen atom, at least one of R^ r6. r7 js rs does not represent a phenyl group.), an optically active diamine 
compound represented by the general formula (4) 

40 

Ri3-b-Z-C^Ri6 ^ . 



(wherein R^, R''^, R''^ R^^^ vvhich can be identical to or different from another, represent a hydrogen atom or a 
50 chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least one of these 
groups is a hydrogen atom, R'*^^ ri4^ r15 and R^^, which can be identical to or different from one another, represent 
a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, and Z is 
a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, or a single bond.), and a base 
(an alkaline metal or alkaline earth metal salt, or a quaternary ammonium salt). 
55 [0024J Also, the invention relates to the above process, wherein R^, R^o, R^'' , R^^ are a hydrogen atom, R''^ and R^^ 
are a hydrogen atom, R'''* and R''^ represent a phenyl group and Z represents a single bond, or R''^ represents a 
hydrogen atom, R""^ represents an isopropyl group, R''^ R''^ represent 4-methoxyphenyi group and Z represents a 
single bond. 
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[0025] Further, the invention relates to the above process, wherein to represented by the following a) to c): 

a) to R2 are a methyl group, R^ to R^, which can be identical to or different from each other, are a hydrogen 
atom or a hydrocarbon group of carbon number 1 to 3. and R^, r6, r7 and R*, which are one another identical, 
are a phenyl, 4-tolyl or 3,5-xylyt group; 

b) R^ to R2 are a methyl group. R^ to R"^ are a hydrogen atom, and R^, r6, r7 and R^, which are one another 
identical, are a 4-tolyl or 3,5-xylyl group; or 

c) Ri to R2 are a phenyl group, R^ to R^, which can be identical to or different from each other, represent a hydrogen 
atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, R7 and R^, which are one another identical, 
are a phenyl, 4-tolyl or 3,5-xylyl group. 

[0026] Furthermore, relates to a process for preparing an alcoholic compound, wherein said process comprises a 
step for preparing the alcoholic compound by reducing a carbonyl compound with the reaction of hydrogen or a com- 
pound donating hydrogen in the presence of an ruthenium complex represented by the general fomnula (2) 

RuXYAB (2) 

(wherein X and Y, which can be Identical to or different from each other, represent a hydrogen atom or an anion 
group, and A is a compound represented by the general formula (3) 




(3) 



(wherein R'' and R2, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon 
group of carbon number 1 to 20, which can be substituted. R^ and R^, which can be Identical to or different from each 
other, represent a hydrogen atom or a hydrocarison group of carbon number 1 to 3, and R^, R6, R7 and R^, which can 
be identical to or different from one another, represent a hydrocarbon group of cartson number 1 to 30, which can be 
substituted.), and B is a compound represented by the general formula (4) 



R®R^°N NR^^R^2 
R^^ R^^ 

(wherein R9, R^o, R^'' and R'i2 which can be identical to or different from one another, represent a hydrogen 
atom or a chain or cyclic hydrocariaon group of cartjon number 1 to 30, which can be substituted, wherein at least one 
of these groups is a hydrogen atom, R''^, R14^ r15 and R''^, which can be identical to or different from one another, 
represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, 
and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, or a single bond.)), 
and a base (an alkaline metal or alkaline earth metal salt, or a quaternary ammonium salt). 
[0027] And the invention relates to the above process, wherein R^ to R^^, the compound A and the compound B are 
represented by either of the following a) to c): 

a) all of R^ R^, R^ and R^ are a phenyl group (with the proviso that when R''^ and R^^ are a hydrogen atom, R''^ 
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and are a phenyl group, and when Z Is a single bond, at least one of R®, R^^, R^^ and R^2 js not a hydrogen 
atom.); 

b) alt of R5, R6, r7 and R^ are a phenyl group, at! of R^, R^o, R^^ and R^2 are a hydrogen atom, R^^ is a hydrogen 
atom, additionally R'"'* is an isopropyl group, R'^^ and R''^ are a 4-methoxy- phenyl group and Z is a single bond, or 

5 0) The compound A is a TolSKEWPHOS: 2,4-bis-(di-4-tolylphosphino)pentane, a XylSKEWPHOS: 2,4-bis-(di- 

3,5-xylylphosphlno)pentane,2,4-bis-(dlphenylphosphIno)-3-methylpentane, 2,4-bis-(dl-4-tolylphosphino)-3-meth- 
ylpentane, 2.4-bis-(di-3,5-xylylphosphino)-3-methylpentane, 1 ,3-bis-(diphenylphosphino)- 1,3-diphenylpropane, 
1,3-bis-(di-4-tolylphosphino)- 1,3-diphenylpropane, 1,3-bis-(di-3,5-xylylphosphino)- 1,3-diphenylpropane, 
1,3-bis-(diphenylphosphino)-1,3-diphenyl-2-methylpropane, 1,3-bis-(di-4-tolyIphosphino)-1,3-dlphenyl-2-methyl- 

10 propane or 1.3-bis-(di>3,5-xylylphosphino)-1,3-dlphenyl-2-methylpropane, and the compound B is dlphenylethyl- 

enedlamine or 1-isopropyl-2.2-di(p-methoxyphenyl)ethylenediamlne. 

[0028] Further, the invention relates to a process for preparing an optically active ruthenium complex represented 
by the general formula (1) 



15 



20 



25 



35 



45 



50 



r5r«p pr^r« 

ruxy( ) 



R^R' ( 1 ) 



(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 
group, R'l and R^, which can be Identical to or different from each other, represent a chain or cyclic hydrocarbon group 
of carbon number 1 to 20, which can be substituted, R^ and R^, which can be Identical to or different from each other, 
represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and R^, which can be 
30 Identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which can be 
substituted, with the proviso that when X and Y represent bromine. R^ and R^ are a methyl group, and when R3 and 
R^ are a hydrogen atom, at least one of R^, r6, r7 and R^ Is not a phenyl group.), wherein said process comprises a 
step for obtaining the compound represented by the above general formula (1) by reacting a compound represented 
by the general formula (5) 



RuXY (5) 



(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an anion 
40 group.) and a compound represented by the general formula (3) 




( 3 ) 



(wherein R1 and R^, which can be Identical to or different from each other, represent a chain or cyclic hydrocarbon 
group of carbon number 1 to 20, which can be substituted, R^ and R^, which can be Identical to or different from each 

55 other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, r7 and R^, which can 
be Identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 30, which can be 
substituted.). 

[0029] Also, the Invention relates to a process for preparing a ruthenium complex represented by the general fomnula 
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(2) 

RuXYAB (2) 

(wherein X and Y, which can be Identical to or different from each other, represent a hydrogen atom or an anion 
group, A is a compound represented by the beiow general formula (3) 




( 3 ) 



(wherein and R2, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon 
20 group of carbon number 1 to 20, which can be substituted, R^ and R^, which can be identical to or different from each 
other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, R7 and R^, which can 
be identical to or different from one another, represent a hydrocarbon group of cart)on number 1 to 30, which can be 
substituted.), and B is a compound represented by the general formula (4) 



R^^ R^* 



(wherein R^ R^o, Ri'i and R''2, which can be identical to or different from one another, represent a hydrogen 
35 atom or a chain or cyclic hydrocartron group of carbon number 1 to 30, which can be substituted, wherein at least one 
of these groups is a hydrogen atom. R''^, R''^, R^^ and R^®, which can be identical to or different from one another, 
represent a hydrogen atom or a chain or cyclic hydrocarbon group of cart)on number 1 to 30, which can be substituted, 
and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, or a single bond.)), 
wherein said process comprises a step for obtaining the compound represented by the above general fomiula (2) by 
40 reacting a compound represented by the below general formula (1) 



RuXy( riAc^R^ ) 




( 1 ) 



(wherein each symbol has the same meaning as described above. ) and the above compound B. 
[0030] The examples of the above mentioned axially chiral diphosphine compounds, the diphosphine compounds 
having asymmetry on a phosphrus atom and the diphosphine compounds having asymmetry on carbon, which are 
55 shown below. 

[0031 ] Axially chiral diphosphine compounds 
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10 




BINAP 

TolBINAP XylBIHAP 
Ar= p-CH3CeH4 Ar=3. 5- (CH3)2CaH3 



IS 



20 




P(C6H5)i 



P(CeH5)2 



PHANEPHOS 



(C6H5)2'? 




P(C8H5)2 

BICP 



25 [0032] Diphosphine compounds having asymmetry on carbon 



30 



35 



{CeH^sP P(C6H5)2 

SKEWPHOS 



DIOR 



CH3>^P(C6H5)2 
C^V'^P(C6H5)2 

CHIRAFHOS 



[0033] One example of the opttcaily active diamine compounds is shown below. 



40 



45 



CbHs CeHs 
NHa NH2 
OPEN 



50 [0034] The meaning of abbreviation used here is as follows. 



BICP 
BINAP 
CHIRAFHOS 
55 DlOP 
DPEN 
en 

PHANEPHOS 



Bis(diphenylphosphino)dlcyclopentane 

2.2- bis(diphenylphosphino)-1,1-binaphthyl 

2.3- bls(diphenylpho5phiho)butane 

4,5-bis(diphenylphosphinomethyl)-2,2-dimethyl-1,3-dioxolane 

1 .2-diphenylethylehediamine 

ethylenediamine 

4,12-bis(diphenyiphosphino)-[2.2]-paracyclophane 
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SKEWPHOS 2,4-bis(diphenylphosphino)pentane 

TolBINAP 2,2'-bis{dl-p-toIylphosphino)-1,r-blnaphthyl 

XylBINAP 2,2'-bls[bis{3,5-dimethylphenyl)phosphlnol-1.r-binaphthyl 

5 [0035] As above, the three components of the ruthenium complex shown In the general formula (1 ) which Is used 
as the catalyst, the optically active diamine and the base, are indispensable components in order to make the asym- 
metric hydrogenation proceed smoothly and attain a high asymmetric yield, an optically active alcohol with a high 
optical purity not being obtained In a sufficient reaction activity even if one component lacks. 
[0036] Further, the Invention also provides a process for preparing optically active alcoholic compounds by reducing 

io cart5onyl compounds with the reaction of hydrogen or a compound donating hydrogen In the presence of the ruthenium 
complex shown in the general formula (2) and the base (an alkaline metal or alkaline earth metal salt, or a quaternary 
ammonium salt). 

[0037] As above, the two components of the ruthenium complex shown in the general formula (2) and the base, 
which Is used as the catalyst, are Indispensable components In order to make the asymmetric hydrogenation proceed 
15 smoothly and attain a high asymmetric yield, an optically active alcohol with a high optical purity not being obtained In 
a sufficient reaction activity even if one component lacks. 

[Mode for carrying out the Invention] 

20 [0038] Although the present Invention has characteristics as described above, the mode for canying out the invention 
Is explained in more detail. 
[0039] First, in the general formula (1) 



25 



30 



40 



45 



R^R^P PR^R^ 



RuXy( p,iA^p2 ) 

r'r' (1) 



representing a ruthenium complex, X and Y, which can be identical to or different from each other, represent a hydrogen 
atom or an anion group. Although as said anion group a halogen atom or a carboxyl group is preferable, it may be any 
35 kind of other species, such as, for example, a alkoxy group, a hydroxyl group or the like. As a preferable one can be 
cited a hydrogen atom, a hatogen atom or an acetoxyl group, a halogen atom being particularty preferable. 
[0040] And an optically active diphosphine compound in the optically active ruthenium complexes of the Invention 
represented by the general formula (1) is shown by the following formula (3). 




(3) 



[0041] Here, and R^, which can be identical to or different from each other, represent a chain or cyclic hydrocarbon 
50 group of carbon number 1 to 20, which can be substituted, R^ and R"*, which can be identical to or different from each 
other, represent a hydrogen atom or a hydrocarbon group of cartson number 1 to 3, and RS, R6, r7 and RS, which can 
be identical to or different from one another, represent a hydrocart^on group of cartjon number 1 to 30, which can be 
substituted. 

[0042] Here, R'' and R2 representing a chain or cyclic hydrocarbon group of carbon number 1 to 20 which can be 
55 substituted, can be a saturated or unsaturated hydrocartjon group, aliphatic or alicyclic, a monocyclic or polycyclic 
hydrocarbon group, aromatic or araliphatic or any species of these hydrocarbon groups having a substituent. Illustrative 
are, for example, hydrocartjon groups such as alkyi, alkenyl, cycloalkyi, cycloalkenyl, phenyl, naphthyl and phenylalkyi, 
and those having further each species of acceptable substituents such as alkyl, alkenyl, cycloalkyi, aryl, alkoxy, ester, 
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acyloxy, halogen atoms, nitro group or cyano group on these hydrocarbon groups. Among these preferable are methyl, 
ethyl, propyl, isopropyl groups and substituted or unsubstltuted phenyl groups, methyl and phenyl groups being par- 
ticularly preferable. 

[0043] Also, R3 and representing a hydrogen atom or a hydrocarbon group of carbon number 1 to 3 are saturated 
aliphatic hydrocarbon groups. Specifically, preferable examples are methyl, ethyl, propyl or isopropyl group, etc. 
[0044] Here, R^, R^, R^ and R^, which can be identical or different, representing a hydrocarbon group of carbon 
number 1 to 30 which can be substituted, can be a saturated or unsaturated hydrocarbon group aliphatic or alicyclic, 
a monocyclic or polycyclic hydrocarbon group aromatic or arallphatic or any species of these hydrocarbon groups 
having substituents. Illustrative are, for example, hydrocarbon groups such as alkyi, alkenyl, cycloalkyi, cycloalkenyl, 
phenyl, naphthyl and phenylalkyi and those having further any species of acceptable substituents such as alkyI, alkenyl, 
cycloalkyi, aryl, alkoxy, ester, acyloxy, halogen atoms, nitro group or cyano group on these hydrocarbon groups. Among 
these preferable are phenyl and substituted phenyl groups, a phenyl group and substituted phenyl group with one to 
five substituents of methyl, ethyl or propyl groups being particularly preferable. 

[0045] Examples of the optically active diphosphine compounds represented by the general formula (3) include the 
followings. 

(1) Illustrative of pentane derivatives having diphenylphosphino group at the positions 2 and 4 are those of carbon 
number 1 to 3 at the position 3 or having no alkyI substituent such as SKEWPHOS having one or two atkyi sub- 
stituents: 2,4-bis-{diphenylphosphino)pentane, 2,4-bis-(dlphenylphosphino)-3-methylpentane, 2,4-bis-(diphenyl- 
phospl^lno)-3,3-dimethylpentane, 2,4-bis-(diphenylphosphino)-3-ethylpentane, 2,4-bis-(diphenylphosphino)-3,3- 
diethylpentane, 2,4-bis-{diphenylphosphino)-3-propylpentane, 2,4-bis-(diphenylphosphino)-3,3-dipropylpentane, 
2,4-bi5-(diphenylphosphino)-3-isopropylpentane, 2,4-bis-(diphenylphosphino)-3,3-diisopropylpentane, 2,4-bis- 
(diphenylphosphino)-3-ethyl-3-methylpentane, 2.4-bis-(diphenylphosphino)-3-methyl-3-propylpentane, 2,4-bls- 
(diphenylphosphino)-3-methy!-3-isopropylpentane, 2,4-bis-(diphenylphosphino)-3-ethyl-3-propylpentane, 2,4-bis- 
(diphenylphosphino)-3-ethyl-3-isopropylpentane, 2,4-bis-(diphenylphosphino)-3-propyl-3-isopropylpentane, etc. 

(2) Illustrative of pentane derivatives having di-4-triphenylphosphino group at the positions 2 and 4 are those having 
one or two alkyI substituents of carbon number 1 to 3 at the position 3 or having no alkyI substituent such as 
TolSKEWPHOS: 2,4-bis-(di-4-triphenyIphosphino)pentane, 2,4-bis-{di-4-triphenylphosphino)-3-methylpentane, 
2,4-bis-(di-4-triphenylphosphino)-3,3-dimethyIpentane, 2,4-bis-(di-4-triphenylphosphino)-3-ethylpentane, 2,4-bls- 
(di-4-triphenyIphosphino)-3,3-diethylpentane, 2,4-bis-(di-4-triphenylphosphino)-3-propylpentane, 2,4-bls-(dl-4-tri- 
phenylphosphino)-3.3-d}propylpentane, 2,4-bls-(di-4-triphenylphosphino)-3-isopropylpentane, 2,4-bls-(dl-4-tri- 
phenylphosphlno)-3,3-diisopropylpentane, 2,4-bis-(di-4-triphenylphosphino)-3-ethyl-3-methyIpentane, 2,4-bis- 
(dl-4-triphenylphosphino)-3-methyl-3-propylpentane, 2,4-bis-(di-4-triphehy!phosphino)-3-methyl-3-isopropylpen- 
tane, 2,4-bis-(di-4-triphenylphosphino)-3-ethyl-3-propylpentane, 2,4-bis-(di-4-triphenylphosphino)-3-ethyl-3-iso- 
propylpentane, 2,4-bis-(di-4-triphenylphosphino)-3-propyl-3-isopropylpentane, etc. 

(3) Illustrative of pentane derivatives having di-3,5-xylylphosphino group at the positions 2 and 4 are those having 
one or two alkyI substituents of carbon number 1 to 3 at the position 3 or having no alkyI substituent such as 
XylSKEWPHOS: 2,4-bls-(di-3,5-xyIylphosphino)pentane, 2,4-bis-(di-3,5-xylylphosphino)-3-methylpentane, 2,4- 
bis-( di-3,5-xylylphosphino)-3,3-dimethylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-ethylpentane, 2,4-bls-(dl-3.5- 
xylylphosphjno)-3,3-diethylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-propylpentane, 2,4-bis-(di-3,5-xylylphos- 
phino)-3,3-dipropylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-isopropylpentane, 2,4-bis-(di-3,5-xylylphosphino}- 
3.3-diisopropylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-ethyl-3-methylpentane, 2,4-bis-(di-3,5-xylylphosphlno)- 
3-methyl-3-propylpentane, 2,4-bis-(di-3,5-xylylphosphino)-3-methyl-3-isopropylpentane, 2,4-bis-(di-3,5-xylyl- 
phosphino)-3-ethyl-3-propylpentane, 2,4-bis-{di-3,5-xylylphosphino)-3-ethyl-3-isopropylpentane, 2,4-bis-(di-3,5- 
xylylphosphlno)-3-propyl-3-isopropylpentane, etc. 

(4) Illustrative of 1,3-diphenylpropane derivatives having diphenylphosphino group at the positions 1 and 3 are 
those having one or two alkyI substituents of carbon number 1 to 3 at the position 2, such as 1 ,3-bis-(diphenylphos- 
phino)-1.3-diphenyl-2-methylpropane, 1.3-bis-(diphenylphosphino)-1,3-diphenyl-2.2-dimethylpropane, 1,3-bis- 
(diphenylphosphino)-1,3-dlphenyl-2-ethylpropane, 1,3-bls-(diphenylphosphino)-1,3-diphenyl-2.2-diethylpropane, 
1 ,3-bis-(diphenylphosphino)-1 ,3-diphenyl-2-propylpropane, 1 ,3-bis-{diphenylphosphino)-1 ,3-diphenyl-2,2-dipro- 
pylpropane, 1,3-bis-(diphenylphosphino)-1,3-diphenyl-2-isopropylpropane. 1,3-bis-(diphenylphosphlno)-1.3-di- 
phenyl-2,2-diisopropylpropane, 1,3-bis-(diphenylphosphino)-1,3-diphenyl -2-ethyl-2-methylpropane, 1,3-bis- 
(diphenylphosphino)-l ,3-diphenyl-2-methyl-2-propylpropane, 1 ,3-bis-(diphenylphosphino)-1 ,3-diphenyl-2-me- 
thyl-2-isopropylpropane. 1 ,3-bls-(diphenylphosphino)- 1 ,3-dlphenyl-2-ethyi-2-propylpropane. 1 ,3-bls-(diphenyl- 
phosphino)-1,3-diphenyl-2-ethyl-2-lsopropylpropane, 1,3-bis-(diphenylphosphino)-1,3-dlphenyl-2-propyl-2-lso- 
propylpropane, etc. 

(5) Illustrative of 1,3-diphenyl propane derivatives having dl-4-triphenylphosphino group at the positions 1 and 3 
are those having one or two alkyI substituents of carbon number 1 to 3 at the position 2 or having no alkyI substituent. 
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such as 1 ,3-bis-(dl-4-tolylphosphino)-1,3-diphenylpropane. 1 ,3-bis-{di-4-tolylphosphino)-1 .3-diphenyl-2-methyl- 
propane J ,3-bis-(dM4olylphosphino)-1 ,3-diphenyl-2,2-dimethylpropane J ,3-b^^ 

nyl-2-ethylpropane, 1 ,3-bis-(di-4-tolylphosphino>.1 .3.diphenyl-2,2-diethylpropane. 1 .3-bis-(di-4-tolylphosphlno)- 
1,3-dlphenyl-2-propylpropane, 1,3-bis-(diphenylphosphino)-1,3-diphenyl-2,2-dipropylpropane, 1.3-bis-{dM-tolyl- 
phosphino).1.3-dipheny|.2-isopropylpropane, 1,3.bls.(dM-tolylphosphlno)-1.3-diphenyl-2.2-dlisopropylpropane. 
1,3-bis-{di-4-tolylphosphino)-1.3-diphenyl-2-ethyl-2-methylpropane. 1.3-bis-(dl-4-tolylphosphino)-1.3-diphenyl- 
2-methyl-2-propylpropane. 1 ,3-bis-(dM-tolylphosphino).1 ,3-dlphenyi-2-methyl-2-isopropylpropane. 1 ,3-bis-(di- 
4-tolylphosphino)-1 .3-diphenyl-2-ethyl-2-propylpropane, 1 .3-bis-(di-4-tolylphosphlno)-1 ,3-diphenyl-2-ethyl-2-iso- 
propylpropane. 1 ,3-bis-{di-4-tolylphosphino)-1 .3-diphenyl-2-propyl-2-lsopropylpropane, etc. 
(6) Illustrative of 1,3-diphenylpropane derivatives having di-3.5-xylylphosphino group at the positions 1 and 3 are 
those having one or two alkyi substituents of carbon number 1 to 3 at the position 2 or those having no alkyi 
substltuent such as 1 ,3-bls-(di-3,5-xylylphosphlno)-1,3.diphenylpropane, 1.3-bis-(di-3,5-xylylphosphlno)- 
1 ,3-dlphenyl-2-methylpropane, 1 .3-bls-(di-3.5.xylylphosphlno)-1 ,3-dlphenyI-2,2-dlmethylpropane, 1 ,3-bis-(di- 
3!5-xylylphosphino)-1 ,3-diphenyl-2-ethylpropane, 1 .3-bls-(dl-3.5-xylylphosphlno)-1 ,3-dlphenyl-2,2-diethylpro- 
pkne. 1,3-bis-{di-3.5-xylylphosphino)-1,3<iiphenyi-2-propylpropaneJ,3-bis-(di-3,5-xylylphosph}no)-1,3-di 

2.2- dipropylpropane. 1 ,3-bis-(di-3,5-xylyIphosphino)-1 ,3-diphenyl-2-isopropylpropane, 1 ,3-bis-(di-3,5-xylylphos- 
phino)-1.3-diphenyl-2,2-dilsopropylpropane. 1,3-bis-{di.3,5-xylylphosphlno)-1.3-diphenyl-2-ethyl-2-methylpro- 
pane, 1.3-bMdl-3,5-xylylphosphino)-1,3-diphenyl-2-methyl-2-propylpropane. 1.3-bls-(dl-3.5-xylylphosphino)- 

1 .3- dSphenyl-2-methyl-2-isopropylpropane, 1 ,3-bis-(dl-3,5-xylylphosphino)-1 ,3-diphenyl-2-ethyl-2-propylpropane, 
1 !3-bls-{di-3.5-xylylphosphino)-1 ,3-diphenyl-2-ethyl-2-isopropylpropane. 1 .3-bls-(dl-3,5-xylylphosphino)-1 ,3- 
dlphenyl-2-propyl-2-isopropylpropane, etc. 

[0046] SKEWPHOS, TolSKEWPHOSand XylSKEWPHOS are particularly preferable. However, of course, optically 
active diphosphine compounds which can be used In the Invention are not In any way limited thereto. 
[00471 The optically active njthenium complex represented by the general formula (1) In some cases contains one 
or more organic compound which is a reagent. Here, the organic compounds are coordinate solvents, such as, for 
example, an aromatic hydrocarbon such as toluene or xylene, an aliphatic hydrocarbon such as pentane or hexane, 
a halogen containing hydrocarbon such as methylene chloride, an ether type solvent such as ether or tetrahydrofuran, 
an alcohol type solvent such as methanol, ethanol, 2-propanol. butanol or benzyl alcohol, a ketone type solvent such 
as acetone, methyl ethyl ketone, an organic solvent having a hetero atom such as acetonltrile. DMF (dlmethylforma- 
mide), N-methyl pyrrolidone, DMSO (dimethyl sulfoxide) or triethylamine. 
[00481 Further, although the general formula (2) 



representing the ruthenium complex of the present invention has an optically active diphosphine compound represented 
by the general formula (3) 



RuXYAB 



(2) 





and an optically active diamine compound represented by the general formula (4), 



V 




(4) 



12 



EP 1 323 724 A2 



the substituents X.Y and the optically active diphosphine compound can appropriately be selected from a similar one 
to those in the general formula (1). 

[0049] In the optically active diamine compounds of the optically active ruthenium complexes represented by the 
general formula (2). R^, R''^, R^^ and R^2 which can be identical to or different from one another, represent a hydrogen 

5 atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least one 
of these groups is a hydrogen atom, and R^^, Ri^, R'^^ and R^^, which can be identical to or different from one another, 
represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, 
and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted or a single bond. 
Here, R^, R''^, Rii and R'i2 representing at least one hydrogen atom as described above or a chain or cyclic hydrocarbon 

10 group of carbon number 1 to 30, which can be substituted, can be a hydrogen atom, a saturated or unsaturated hy- 
drocarbon group aliphatic or alicyclic. a monocyclic or polycyclic hydrocarbon group aiomatic or araliphatic or each 
species of these hydrocarbon groups having a substituent. 

[0050] Illustrative are, for example, a hydrogen atom, hydrocarbon groups such as alkyi, alkenyl, cycloalkyi, cy- 
cloalkenyl, phenyl, naphthyl and phenylalkyi, and those having further any species of acceptable substituents such as 
15 alkyi, alkenyl, cycloalkyi. aryl, aikoxy. ester, acyloky. halogen atom, nttro group or cyano group on these hydrocarbon 
groups. 

[0051] Among these preferably R® and R^'^ are hydrogen atoms, R^^ and R^2 are alkyi, phenyl and phenylalkyi groups, 
and in particular preferably ail are hydrogen atoms. Here, R''^, R^^. R^s and R''^ as described above representing a 
hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, can be a 

20 hydrogen atom, a saturated or unsaturated hydrocarbon group aliphatic or alicyclic. a monocyclic or polycyclic hydro- 
carbon group aromatic or araliphatic or any species of these hydrocarbon groups having a substituents. 
[0052] Illustrative are, for example, hydrocarbon groups such as alkyi, alkenyl, cycloalkyi, cycloalkenyl, phenyl, naph- 
thyl and phenylalkyi, and those having further any species of acceptable substituents such as alkyi, alkenyl, cycloalkyi, 
aryl, aikoxy, ester, acyloxy, halogen atoms, nitro group or cyano group on these hydrocarbon groups. Among these 

25 preferable are a hydrogen atom, methyl, ethyl, propyl, isopropyl and substituted phenyl groups, with a hydrogen atom, 
Isopropyl, phenyl and 4-methoxyphenyl groups being particularly preferable. 

[0053] Also, illustrative of the optically active diamine compounds represented by the general formula (4) 



are OPEN: 1,2-diphenylethytenediamlne. 1,2-cyclohexanediamlne, 1,2-cyclobutanediamine, 2,3-dimethylbutanedl- 
amine, 1-methyl-2,2-diphenylethy}enediamlne, 1-isobutyl-2.2-diphenyl-ethylenediamine, 1-isopropyl-2 ,2- dlphe- 
40 nylethylenedlamlne, 1-methyl-2,2-di(p-methoxyphenyl)ethylenedlamine, 1-isobutyl-2,2-di(p-methoxyphenyl)ethylene- 
diamine, DAI PEN: 1-isopropyl-2,2-di{p-methoxyphenyl)ethylenediamine, 1-benzyl-2,2-di(p-methoxyphenyl)ethylene- 
diamine, 1-methy}-2,2-dinaphthylethytenedlamlne. 1-isobutyl-2.2-dinaphthylethylenediamine, 1-isopropyl-2,2-dinaph- 
thylethylenediamine, etc. In particular, OPEN and DAIPEN are preferable. 

[0054] Further, the optically active diamine compounds are not limited to the illustrated optically active diamine com- 
45 pounds, and optically active derivatives of propandiamine, butanediamine, phenylenedlamine, cyclohexanediamine 
derivatives and the like can be used. 

[0055] The synthesis of the optically active ruthenium complexes represented by the general formula (1) can be 
earned out by reacting an optically active diphosphine compound and a starting ruthenium complex. Further, the syn- 
thesis of the ruthenium complexes represented by the general formula (2) can be carried out by reacting the optically 

so active ruthenium complexes represented by the general formula (1) and an optically active diamine compound. 

[0056] As the starting ruthenium complexes for the complex synthesis, ruthenium complexes of zero valency, mono- 
valency, divalency, trivalency and a higher valency can be used. In case of using ruthenium complexes of zero valency 
or monovalency, oxidation of the ruthenium complexes before the final step is necessary. In case of divalent mthenium 
complexes, the complexes can be synthesized by reacting a ruthenium complex and an optically active diphosphine 

55 compound, and an optically active diamine compound one after another, or in the reverse order, or simultaneously. In 
case of using trivalent and tetravaslent ruthenium complexes, reduction of ruthenium is necessary before the final step. 
[0057] As a starting ruthenium complex can be used an Inorganic ruthenium compound such as ruthenium chloride 
(HI) hydrate, ruthenium bromide (111) hydrate or ruthenium iodide (111) hydrate, a ruthenium compound coordinated with 



30 



35 




(4) 
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a diene such as [ruthenium dlchloride (norbornadiene)] polynuclear complex, [ruthenium dichloride (cycloocta-1,5-di- 
ene)] polynuclear complex or bis(methy|allyl)ruthenium(cycloocta-1,5-diene) polynuclear complex, a ruthenium com- 
pound coordinated with an aromatic compound such as [mthenium dichloride (benzene)l polynuclear complex, [ruthe- 
nium dichloride (p-cymene)] polynuclear complex, [ruthenium dichloride (trimethylbenzene)] polynuclear complex or 

5 [mthenium dichloride (hexamethylbenzene)] polynuclear complex, or a complex coordinated with phosphine such as 
dichlorotrls{triphenylphosphine) ruthenium. Additionally, if it Is a ruthenium complex having a ligand replaceable with 
optically active diphosphlne compounds or the optically active diamine compounds, it is not limited to those described 
above. For example, a variety of ruthenium complexes shown in COMPREHENSIVE ORGANOMETALLIC CHEMIS- 
TRY It Vol 7. p294-296 (PERGAMON) can be used as a starting material. 

10 [00581 'n case of using a trivalent ruthenium complex as a starting material, for example, a phosphlne-ruthenium 
halide complex can be synthesized by reacting ruthenium halide (III) with an excess phosphine. Subsequently, by 
reacting the obtained phosphin-ruthenium halide complex with an amine the targeted amine-phosphine- ruthenium 
halide complex can be obtained. For example, regarding this synthesis, only one example is described in the literature 
[J.MoLCat.. 15, 297(1982)1. 

15 [0059J Namely. RuCl2(PPh3) synthesized by the method described in Inorg. Synth., vol 12, 237 (1970) is reacted 
with ethylenediamine in benzene to obtain RuCl2(PPh3)2(en ethylenediamine) (with no description on the yield). Further. 
In this method the reaction is an inhomogenous system with a tendency that the starting material tends to remain 
unreacted. In the meantime, In case of changing the reaction solvent to a solvent such as methylene chloride or chlo- 
roform, the reaction can be earned out in a homogeneous condition to improve the operability. 

20 [00601 The reaction of the ruthenium halide and the phosphine ligand is carried out In an aromatic hydrocarbon 
solvent such as toluene or xylene, an aliphatic hydrocarbon solvent such as pentane or hexane, a halogen-containing 
organic hydrocart>on solvent such as methylenechloride, an ether type solvent such as ether or tetrahydrofuran, an 
alcohol type solvent such as methanol, ethanol, 2-propanol. butanol or benzyl alcohol, a ketone type solvent such as 
acetone, methyl ethyl ketone, an organic solvent having a hetero atoms such as acetonitrile, DMF, N-methyl pyrrolldone 

25 or DMSO at a reaction temperature of between -100°C and 200°C to obtain an amine-phosphlne-ruthenlum halide 
complex. 

[00611 The reaction of the obtained amine-phosphine-ruthenium halide complex with an amine ligand is carried out 
in an aromatic hydrocarbon solvent such as toluene or xylene, an aliphatic hydrocarbon solvent such as pentane or 
hexane, a halogen-containing organic hydrocarbon solvent such as methylenechloride, an ether type solvent such as 
30 ether or tetrahydrofuran, an alcohol type solvent such as methanol, ethanol, 2-propanol, butanol or benzyl alcohol, a 
ketone type solvent such as acetone, methyl ethyl ketone, an organic solvent having a hetero atoms such as acetonitrile. 
DMF, N-methyl pyrrolldone or DMSO at a reaction temperature of between -100°C and 200°C to obtain an amine- 
phosphine-ruthenium halide complex. 

[00621 Or\ the other hand, using a divalent mthenium complex is used from the beginning, a reaction method in which 
35 this complex and a phosphine compound, and an amine compound are reacted one after another, or in the reverse 
order, or simultaneously. As an example, a ruthenium compound coordinated with a dIene such as [ruthenium dichloride 
(norbornadiene)] polynuclear complex, [mthenium dichloride (cydoocta-1 ,5-diene)] polynuclear complex or b!s(meth- 
ylallyl)mthenium(cycloocta-1 ,5-diene) polynuclear complex, a mthenium compound coordinated with an aromatic com- 
pound such as [mthenium dichloride (benzene)) dinuclear complex, [mthenium dichloride (p-cymene)] dinuclear com- 
40 piex, [ruthenium dichloride (trimethylbenzene)] dinuclear complex or (mthenium dichloride (hexamethylbenzene)] di- 
nuclear complex, or a complex coordinated with phosphine such as dichlorotris (triphenylphosphine) mthenium is re- 
acted with the phosphine compound in an aromatic hydrocarbon solvent such as toluene or xylene, an aliphatic hy- 
drocart^on solvent such as pentane or hexane, a halogen-containing organic solvent hydrocarbon solvent such as 
methylenechloride, an ether type solvent such as ether or tetrahydrofuran, an alcohol type solvent such as methanol, 
45 ethanol, 2-propanol, butanol or benzyl alcohol, a ketone type solvent such as acetone, methyl ethyl ketone, an organic 
solvent having a hetero atoms such as acetonitrile, DMF, N-methyl pyn-olidone or DMSO at a reaction temperature of 
between -100°C and 200°C to obtain a phosphine-ruthenium-methylallyl complex. 

[00631 The reaction of the obtained phosphlne-mthenium halide complex with the amine compound is carried out in 
an aromatic hydrocarbon solvent such as toluene or xylene, an aliphatic hydrocarbon solvent such as pentane or 

50 hexane, a halogen-containing organic hydrocarbon solvent such as methylenechloride, an ether type solvent such as 
ether or tetrahydrofuran, an alcohol type solvent such as methanol, ethanol, 2-propanol, butanol or benzyl alcohol, a 
ketone type solvent such as acetone, methyl ethyl ketone, an organic solvent having a hetero atoms such as acetonitrile, 
DMF, N-methyl pyrrolldone or DMSO at a reaction temperature of between -100°C and 200^0 to obtain an amine- 
phosphine-ruthenium halide complex. Also under a similar condition, by reacting a cationic ruthenium complex such 

55 as [chloromthenium(BINAP)(benzen)]chloride, with an amine complex, an amine-phosphine-ruthenium halide complex 
can be obtained. 

[00641 For example, in case of using a mthenium complex synthesized as above represented by the general fomiula 
(1) or the general formula (2), although the amount used varies depending on a reaction vessel or economies, the 
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range of 1/100 to 1/1,000,000. preferably 1/500 to 1/1.000,000. based on the carbonyl compound, which is a reaction 
substrate, can be used. 

[0065] An optically active ruthenium complex represented in the general formula (i ), when X and Y are a hydrogen 
atom, is mixed with a carbonyl compound without addition of a base after addition of an optically active diamine com- 

5 pound, and the mixture is stirred under the pressurized hydrogen or in the presence of a hydrogen donating material. 
Thus, hydrogenation of the carbonyl compound can be carried out. In case of using excess carbonyl compound against 
the catalyst there is a desirable case In which a base Is added. In the meantime In case of X and Y represent a group 
except a hydrogen atom it is also effective after adding a base and an optically active diamine compound a carbonyl 
compound is mixed, and to stir the mixture under the pressurized hydrogen or tine presence of a hydrogen donating 

10 material to carry out hydrogenation of the carbonyl compound. 

[0066] As above, the ttiree components of the ruthenium complex shown in the general formula (1) which is used 
as a catalyst, tiie optically active diamine of the general formula (4) and the base are indispensable components in 
order to make the asymmetric hydrogenation proceed smoothly and attain a high asymmetric yield, and an optically 
active alcohol with a high optical purity can not be obtained in a sufficient reaction activity even if one component lacl<s. 

15 The amount used of the optically active diamine llgand used here is 0.5*2.5 equivalents, preferably 1>2 equivalents 
against the ruthenium complex. 

[0067] An optically active ruthenium complex represented in the general formula (2). when X and Y are a hydrogen 
atom, without addition of a base after addition of a carbonyl compound, the mixture Is stirred under the pressurized 
hydrogen or in the presence of a hydrogen donating material. Thus, hydrogenation of the carbonyl compound can be 

20 carried out. in case of using excess carbonyl compound against the catalyst there is a desirable case in which a base 
is added. On the other hand, in case of X and Y represent a group except a hydrogen atom it is also effective after 
mixing with a cart^onyl compound under the presence of a base, to pressurrize hydrogen or to stir the mixture under 
the presence of a hydrogen donating material to carry out hydrogenation of the carisonyl compound. 
[0068] As above, the two components of the optically active ruthenium complex shown In the general formula (2) 

25 which Is used as a catalyst and the base are indispensable components in order to make the asymmetric hydrogenation 
proceed smoothly and attain a high asymmetric yield, and an optically active alcohol wiUi a high optical purity can not 
be obtained in a sufficient reaction activity even if one component lacks. 

[0069] Also, with respect to the bases used In the Invention, alkaline metal salts such as KOH, KOCH3, KOCH(C 1-13)2, 
KOC(CH3)3. KC^o'^s- LiOH, LiOCH3.LiOCH(CH3)2 and LiOCH(CH3)3, alkaline eartii metal salts or quatemary ammo- 
30 nium salts are used. The added amount of the base is 0.5-100 equivalents, preferably 2-40 equivalents against the 
amine-phosphine-ruthenium complex or the phosphine-ruthenium complex. 

[0070] Further, the hydrogen donating material means a lower alcohol such as methanol, ethanol. propanot, 2-pro- 
panol or butanol, and formic acid. 

[0071] The amount of solvent is determined by tiie solubility and economies. For example, in case of 2-propanol, it 

35 is preferably used in 20-50 wt% although with respect to substrate the concentration, the reaction can be carried out 
at a low concenti-ation of not more than 1% to a condition of neariy no solvent depending on the substrate. 
[0072] In addition, although 1 atmospheric pressure as the pressure of hydrogen is sufficient owing to an extremely 
high activity of the present catalyst system, the range of 1-200 atmospheric pressure, preferably the range of 3-100 
atmospheric pressure is desirable, it being possible to maintain a high activity even at 50 atmospheric pressure or less 

40 considering the economies of the overall process. 

[0073] With respect to the reaction temperature, although the reaction can be carried out preferably at 1 5°C to 100°C 
considering economies, it can be carried out at approximately room temperature of 25-40^ C. However, in the invention 
it is characterized that the reaction proceeds even at low temperatures of -SO-O^'C. Although the reaction time varies 
according to reaction conditions such as a reaction substrate concentration, temperature and pressure, the reaction 

45 is completed within a few minutes to tens of hours. The examples specifically illustrates thereabout. 

[0074] Further, although the optically active diphosphine compound in an optically active ruthenium complex repre- 
sented by the general formula (1) or the general formula (2) can be obtained either in (+)-forms or (-)-forms, the indi- 
cation thereof is omitted. Also, by selecting either of these (+)-forms or (-)-forms, an optically active alcohol with de- 
sirable absolute configuration can be obtained. Further, a combination of the absolute configuration of a diphosphine 

50 compound in the optically active ruthenium complex represented by the general formula (1) and the absolute config- 
uration of the optically active diamine compound added, and a combination of the absolute configuration of the diphos- 
phine compound In the optically active ruthenium complex represented by the general formula (2) and the absolute 
configuration of the diamine compound are important for obtaining a high optical yield, which being shown in the com- 
parative examples described hereinafter. 

55 

[Example] 

[0075] Hydrogenation of carbonyl compounds in the invention can be carried out in either a batch type reaction or 
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a continuous type reaction. In the following the invention Is explained in more detail showing the examples. However, 
the Invention is not limited by the following examples. 

[0076] As representative examples, the optically active diphosphine and diamine compounds, which are used, are 
shown in the following. 

[0077] Optically active diphosphine compounds 



P(C6Hs)2 




(S)-BINAP 



(R)-BINAP 




(S,S)-TolSKEWPHOS 
Arss P-CH3C8H4 

(S.S)-Xy»SKEWPHOS 
Ar= 3|5-(CH3)2CgH3 



[0078] Optically active diamine compounds 



C0H5 C0H5 

H2N NH2 

(S,S)-DPEN 





HM 



($)-DAIPEN 



(R)-OAIPEN 



CrHi 




8^5 



(R,R)-OPPN 



[0079] Further, In the below examples all the reactions were carried out under an atmosphere of an inactive gas such 
as argon gas or nitrogen gas. Also, In terms of the solvents used in the reaction those dried and degassed were used. 
Hydrogenation of the carbonyl compounds was carried out In an autoclave by pressurizing hydrogen. 
[0080] Further, the equipments below were used in the following measurements. 

NMR: LA400 type apparatus (400 MHz) 

(manufactured by NINON DENSHI Co., Ltd.) Intemal standard: ^H-N MR Tetramethylsllane External 

standard: 3ip-NMR 85% Phosphoric acid 

Optical purity: Gas chromatography 

Chirasil-DEX CB (0.25mmx25m, DF=0,25^m) 

(manufactured by CHROMPACK Co.. Ltd.) 

High performance liquid chromatography 

CHIRACEL OD (O.46cm0x25cm) 

(manufactured by DAISERU KAGAKU KOGYO Co., Ltd.) 



[0081] Example 1 Synthesis of RuBr2[(S,S)-Tolskewphos][(R)-daipenl 

(1) Synthesis of Ru[(S,S)-Tolskewphosl(methylallyl)2 

(S,S)-TolSKEWPHOS (568 mg, 1.14 mmol) and Ru(cycloocta-1,5-diene)(methylallyl)2 (365 mg, 1.14 mmol) 
were placed in a 50 mL Schlenk tube replaced with argon. Then, the mixture was added with hexane 7 mL and 
stirred at 70°C for 5 h. The insoluble material was filtered over a glass filter, and the solvent was evaporated. 

(2) Synthesis of RuBr2[{S,S)-Tolskewphos] 

Ru[(S,S)-Tolskewphosl(methylallyl)2 complex (250 mg. 0.35 mmol) was dissolved in acetone 24 mL, added 
with 0.2M-HBr methanolic solution (3.5 mL, 0.7 mmol), degassed and stirred at room temperature for 30 min. After 
evaporation of the solvent the residue was used for the subsequent reaction without purification. 
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(3) Synthesis of RuBr2[(S,S)-Tolskewphos]I(R)-dalpen] 

(R)-DAIPEN (115 mg, 0.35 mmol) was added to RuBr2[(S,S)-Tolskewphos] complex (316 mg, 0.35 mmol) 
and replaced with argon. Subsequently, the mixture was added with dimethylformamide (14 mL), degassed, and 
stirred at room temperature over night. After the reaction liquid was filtered through a glass filter packed with 
5 sillcagel, the solvent was evaporated. The residue was crystallized from methylenechloride/isopropyl ether to give 

RuBr2[(S,S)-Tolskewphos][(R)-daipen] 246 mg (66% yield). 

1H-NMR spectmm {C^Dq): 5 6.65-7.88 (m, 24H), 5.24 (m, 1H), 5.18 (m. 1H). 3.95 (t. 1H). 3.38 (s/3H). 3.20 
(s, 3H), 2.24 (s. 3H), 2.17 (s, 3H), 2.05 (s, 3H), 2,04 (s, 3H), 1,71 (br, 1H), 1.39 (br, 2H). 1.07 (d, 3H), 1.05 (br, 
1H), 0.53 (d, 3H), and the remaining 2H can not be attributed due to the overlap with other peaks. 

10 

Example 2 

[0082] RuBr2[(S,S)-Tolskewphos][(R)-daipen] (2.1 mg, 0.002 mmol) was placed In a 100 mL glass autoclave, re- 
placed with argon, subsequently added with acetophenone (2.3 mL, 20 mmol), 0.01M KOC(CH3)3/2-propanol solution 
^5 (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started (after 25 min, the conversion rate 86%). After the reaction liquid was stirred for 19 h, the reaction pressure 
was returned to a normal pressure, and the quantity and the optical purity of phenethyl alcohol, the product, were 
determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed and the yield of 
the product was not less than 99%. Also, as for the obtained phenethyl alcohol, (R)-product was formed in 93.8% ee. 

20 

Comparative example 1 

[0083] Except using RuCl2[(R)-binap][(R)-daipen] instead of RuBr2[(S,S)-Tolskewphos][(R)-daipen] as the catalyst 
was carried out hydrogenation of acetophenone in the same way as Example 2 to give the product of phenethyl alcohol. 
25 The yield of the product was 99% or higher and (R)-product was formed in 85.0% ee. 

Comparative example 2 

[0084] Except using RuBr2[(S,S)-Tolskewphos][(S)-daipen] Instead of RuBr2[(S,S)-Tolskewphos][(R)-daipen) as the 
30 catalyst was carried out hydrogenation of acetophenone in the same way as Example 2 to give the product of phenethyl 
alcohol. The yield of the product was 99% or higher and (R)-product was formed in 90.2% ee. 

Example 3 

35 [0085] RuBr2[(S,S)-Tolskewphos][(R)-daipen] (2.1 mg, 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with propiophenone (2.7 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol solution 
(8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started (after 20 min, the conversion rate 50%). After the reaction liquid was stirred for 19 h, the reaction pressure 
was returned to a normal pressure, and the quantity and the optical purity of the product of 1-phenyi-1-propanol were 

40 determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed and the yield of 
the product was not less than 99%. Also, as for the obtained 1 -phenyl- 1-propanol, (R)-product was formed in 96.8% ee. 

Comparative example 3 

45 [0086] Except using RuCl2[(R)-binap][(R)-daipen] instead of RuBr2[{S,S)-Tolskewphos][(R)-daipen] as the catalyst 
was carried out hydrogenation of propiophenone in the same way as Example 3 to give the product of 1 -phenyl- 1-pro- 
panol. The yield of the product was 99% or higher and (R)-product was formed in 91.5% ee. 

Comparative example 4 

50 

[0087] Except using RuBr2[(S,S)-Tolskewphos][(S)-daipen) instead of RuBr2[(S,S)-Tolskewphos)[(R)-daipen] as the 
catalyst was carried out hydrogenation of propiophenon in the same way as Example 3 to give the product of 1-phenyl- 
1-propanol. The yield of the product was 99% or higher and (R)-product was formed in 93.2% ee. 

55 
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Example 4 Synthesis of RuBr2t(S,S)-Xylskewphosl[(S.S)-dpenl 
[0088] 

5 (1) Synthesis of Ru[(S,S)-Xylskewphos](methylallyl)2 

(S,S)-XylSKEWPHOS (301 mg, 0.545 mmol) .and Ru(cycloocta-1,5-dlene){methylallyl)2 (175 mg, 0.545 
mmol) were placed In a 50 mL Schlenk tube replaced with argon. Then, the mixture was added with hexane 13 
mL and stirred at 70 for 5 h. The insoluble material was filtered over a glass filter, and the solvent was evaporated . 

(2) Synthesis of RuBr2[(S.S)-Xylskewphosl 

10 Ru[(S,S)-Xylskewphos](methylallyl)2 complex (460 mg, 0. 545 mmol) was dissolved in acetone 24 mL. added 

with 0.2M-HBr methanolic solution (5.45 mL, 1 .090 mmol), degassed and stirred at room temperature for 40 min. 
After evaporation of the solvent the residue was used for the subsequent reaction without purification. 

(3) Synthesis of RuBr2[(S.S).Xylskewphos][(S,S)-dpen] 

(S,S)-DPEN (177 mg, 0.834 mmol) was added to RuBr2[(S,S)-Xylskewphosl complex (680 mg, 0.830 mmol) 
15 and replaced with argon. Subsequently, the mixture was added with dimethylformamide (35 mL), degassed, and 

stin-ed at room temperature over night. After the reaction liquid was filtered through a glass filter packed with 
silicagel, the solvent was evaporated. The residue was crystallized from methylenechloride/isopropyl ether to give 
RuBr2[(S,S)-Xylskewphosl[(S,S)-dpenJ 390 mg (34% yield). 

31P-NMR spectrum (CqD^): 5 66.01 (d, J=43 Hz), 42.85 (d, J=43 Hz). 

20 

Example 5 

[0089] RuBr2[(S,S)-XylskewphosJ[(S,S)-dpenl (2.3 mg, 0.002 mmol) was placed in a lOOmL glass autoclave, re- 
placed with argon, subsequently added with acetophenone (2.3mL, 2Q mmol), 0.01 M KOC(CH3)3/2-propanol solution 
25 (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was Introduced to a pressure of 9 atm and the reaction 
was started (after 25 min, the conversion rate 86%). After the reaction liquid was stirred for 19 h, the reaction pressure 
was returned to a normal pressure, and the quantity and the optical purity of the product of phenethyl alcohol were 
determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed, and the yield of 
the product was not less than 99%. Also, as for the obtained phenethyl alcohol, (R)-product was formed in 95.0% ee. 

30 

Comparative example 5 

[0090] Except using RuCl2[(S)-binap][(S,S)-dpenl instead of RuBr2[(S,S)-Xylskewphosl[(S,S)-dpen] as the catalyst 
was earned out hydrogenation of acetophenone in the same way as Example 5 to give the product of phenethyl alcohol. 
35 The yield of the product was 99% or higher and (S)-product was formed in 82.0% ee. 

Example 6 Syntiiesis of RuBr2[(S,S)-Xylskewphos][(R)-daipen] 

[0091] (R)-DAIPEN (261 mg, 0.830 mmol) was added to RuBr2[(S,S)-Xylskewphosl complex (679 mg, 0.830 mmol) 
40 obtained in Example 4 and replaced with argon. Subsequently, the mixture was added with dimethylfonnamide (35 
mL). degassed, and stirred at room temperature over night. After the reaction the liquid was filtered through a glass 
filter packed with silicagel. the solvent was evaporated. The cmde complex was washed with hexane to give RuBrgL 
(S,S)-Xylskewphosl[(R)-daipen] 647 mg (69%). 

3ip.NMR spectrum (CgDe): 6 38.55 (d. J=39 Hz), 33.93 (d, J=39 Hz). 

45 

Example 7 

[0092] RuBr2[(S.S)-Xylskewphos][(R)-daipen] (2.3 mg. 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequentiy added with acetophenone (2.3 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol solution 
50 (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started. After the reaction liquid was stired for 50 min. the reaction pressure was returned to a normal pressure, 
and the quantity and the optical purity of the product of phenethyl alcohol were determined by gas chromatography of 
the reaction liquid. All the reaction substrate was consumed and the yield of the product was not less than 99%. Also, 
as for the obtained phenettiyl alcohol, (R)-product was formed in 98.3% ee. 

55 

Comparative example 6 

[0093] Except using RuCl2[(R)-binapl((R)-daipenl instead of RuBr2[(S.S)-Xylskewphosl[(R)-dalpenl as the catalyst 
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was carried out hydrogenation of acetophenone in the same way as Example 7 to give the product of phenethyl alcohol. 
The yield of the product was 99% or higher and (R)-product was formed In 85.0% ee. 

Comparative example 7 

5 

[0094] Except using RuBr2[(S,S)-Xylskewphos][(S)-daipen] instead of RuBr2((S.S)-Xylskewphos][(R)-daipen] as the 
catalyst was canried out hydrogenation of acetophenone in the same way as Example 7 to give phenethyl alcohol, the 
product. The yield of the product was 99% or higher and (R)hproduct was formed In 82.6% ee. 

10 Example 8 

[0095] RuBr2[(S,S)-Xylskewphos][(R)-daipen] (2,3 mg, 0.002 mmol) was placed in a 100 mL glaiss autoclave, re- 
placed with argon, subsequently added with 4-methyl-acetophendne (2.3mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol 
solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and 
15 the reaction was started (after 2 h, the conversion rate 30%). After the reaction liquid was stin-ed for 22 h, the reaction 
pressure was returned to a normal pressure, and the quantity and the optical purity of the product of 4-methyl-phenethyl 
alcohol were determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed, and 
the yield of the product was 99% or higher. Also, as for the obtained 4-methyl-phenethyl alcohol, (R)<-product was 
formed in 91.6% ee. 

20 

Comparative example 8 

[0096] Except using RuCl2[(R)-binapl[(R)-daipen] instead of RuBr2[(S,S)-Xylskewphos]I(R)-daipen] as the catalyst 
was carried out hydrogenation of 4-methyl-acetophenone in the same way as Example 8 to give the product of 4-methyl- 
25 phenethyl alcohol. The yield of the product was 99% or higher and (R)-product was formed in 85.7% ee. 

Comparative example 9 

[0097] Except using RuBr2[(S,S)-XyIskewphos][(S)-daipen] instead of RuBr2[(S,S)-Xylskewphos][(R)-daipen] as the 
30 catalyst was carried out hydrogenation of 4-methyl-acetophenone In the same way as Example 8 to give the product 
of 4-methyl-phenethyl alcohol. The yield of the product was 99% or higher and (R)-prbduct was formed in 77.7% ee. 

Example 9 

35 [0098J RuBr2[(S,S)-Xylskewphos][(R)-daipen] (2.3 mg, 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with propiophenone (2.3mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol solution 
(8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started (after 2 h, the conversion rate 40%). After the reaction liquid was stin-ed for 20 h, the reaction pressure 
was returned to a nomial pressure and the quantity and the optical purity of the product of 1 -phenyl- 1-propanol were 

40 determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed and the yield of 
the product was 99% or higher. Also, as for the obtained 1-phenyl-1-propanol, (R)-product was formed in 100% ee. 

Comparative example 10 

45 [0099] Except using RuCl2[(R)-binap][(R)-daipen] instead of RuBr2[(S,S)-Xylskewphos][(R)-daipen] as the catalyst 
was carried out hydrogenation of propiophenone in the same way as Example 9 to give the product of 1 -phenyl- 1-pro- 
panoi. The yield of the product was 99% or higher and (R)-product was formed in 91.5% ee. 

Comparative example 11 

50 

[0100] Except using RuBr2[{S,S)-Xylskewphos][(S)-daipen] instead of RuBr2[(S,S)-Xylskewphos][(R)-daipen] as the 
catalyst was carried out hydrogenation of propiophenone in the same way as Example 9 to give the product of 1-phenyl- 
1-propanol. The yield of the product was 99% or higher and (R)-product was formed in 88.7% ee. 

Example 10 

[0101] RuBr2[(S.S)-Xylskewphos][(R)-daipen] (0.58 mg, 0.0005 mmol) and KOC(CH3)3 (22.45 mg, 0,2 mmol) was 
placed In a 150 mL SUS autoclave, replaced with argon, subsequently added with acetophenone (5.8mL, 50 mmol) 
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and 2-propanol (20 mL), degassed and replaced with argon. Hydrogen was introduced to a pressure of 40 atm and 
the reaction was started. After the reaction liquid was stirred for 24 h, the reaction pressure was returned to a normal 
pressure and the quantity and the optical purity of the product of phenethyl alcohol were determined by gas chroma- 
tography on the reaction liquid. All the reaction substrate was consumed and the yield of the product was 99% or higher. 
Also, as for the obtained phenethyl alcohol, (R)-product was formed in 97.9% ee. 

Example 11 Synthesis of RuBr2[{S.S)-Xylskewphosl[(R,R)-dppnl 

[0102] {R,R)-DPPN[(R.R)-1,3-diphenyl-1,3-propanediaminel (116 mg, 0.514 mmol) was added to RuBr2t(S,S)-Xyl- 
skewphosl complex (421 mg. 0.514 mmol) obtained In Example 4 and replaced with argon. Subsequently, the mixture 
was added with dimethylfomiamide (22 mL). degassed, and stin-ed at room temperature over night. After the reaction 
liquid was filtered through a glass filter packed with silicagel, the solvent was evaporated. The cmde complex was 
washed with hexane to give RuBr2l(S,S)-Xylskewphosl[(R,R)-dppnl 647 mg (69%). 



Example 12 

[01031 RuBr2[(S,S).Xylskewphosl[(R.R)-dppnl (2.1 mg. 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with propiophenone (2.3 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol solution 
(8 mL. 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started. After the reaction liquid was stirred for 21 h, the reaction pressure was returned to a normal pressure, 
and the quantity and the optical purity of the product of 1-phenyl-1-propanol were determined by gas chromatography 
on the reaction liquid. All the reaction substrate was consumed and the yield of the product was 99% or higher. Also, 
as for the obtained 1 -phenyl- 1-propanol, (R)-product was fomied in 92.2% ee. 



Example 13 

[01041 RuBr2[{S,S)-Xylskewphos][(R)-daipen] (5.8 mg, 0.005 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with 2-N,N-dimethylamlnoacetophenone (1 .63 g, 1 0 mmol), 0.01 M KOC(CH3)3/ 
2-propanol solution (5 mL, 0.05 mmol). degassed and replaced with argon. Hydrogen was introduced to a pressure of 
9 atm and the reaction was started. After the reaction liquid was stirred for 15 h, the reaction pressure was returned 
to a norma! pressure, and the quantity and the optical purity of the product of 2-N,N-dimethylamlnophenethyl alcohol 
were detennined by gas chromatography. All the reaction substrate was consumed and the yield of the product was 
99% or higher. Also, the obtained 2-N.N-dimethylaminophenethyl alcohol was formed in 96.7% ee. 



Example 14 

[01051 RuBr2[(S,S)-XylskewphosIt(R)-daipenl (2.3 mg. 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with 2-acetylthiophene (2.16 mL, 20 mmol). 0.01M KOC(CH3)3/2-propanol 
solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and 
the reaction was started. After the reaction liquid was stln-ed for 22 h, the reaction pressure was returned to a normal 
pressure and the quantity and the optical purity of the product of 1-(2-thienyl)ethanol were determined by gas chro- 
matography on the reaction liquid. The yield of the product was 85%. Also, as to the obtained 1-(2-thienyl)ethanol 
alcohol, (R>-product was formed in 95.5% ee. 



Example 15 

[0106] RuBr2[(S,S)-Xylskewphos]I(R)-daipen] (2.3 mg. 0.002 mmol) and KOC(CH3)3 (9 mg. 0.08 mmol) was placed, 
replaced with argon, subsequently added with 2-acetylfuran (1 .0 mL. 10 mmol) and 2-propanol (5 mL). degassed and 
replaced with argon! Hydrogen was introduced to a pressure of 9 atm and the reaction was started. After the reaction 
liquid was stirred for 17 h, the reaction pressure was returned to a nomial pressure, and the quantity and the optical 
purity of the product of 1-(2-furyl)ethanol were detennined by gas chromatography of the reaction liquid. All the reaction 
substrate was consumed and the yield of the product was 99% or higher. Also, as for the obtained 1-(2-furyl)ethanol. 
(R)-product was fomied in 97.0% ee. 



Example 16 

[0107] RuBr2[(S.S)-Xylskewphosl[(R)-daipenl (1.15 mg, 0.010 mmol) and KOC(CH3)3 (45 mg. 0.4 mmol) was placed 
In a 100 mL glass autoclave, replaced with argon, subsequently added with 2-acetylpyridine (2.24 mL, 20 mmol), B 
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(OCH(CH3)2l3 (0.046 mL, 0.20 mmol) and 2-propanol (8 mL), degassed and replaced with argon. Hydrogen was in- 
troduced to a pressure of 9 atm and the reaction was started. After the reaction liquid was stirred for 22 h, the reaction 
pressure was returned to a normal pressure, and the quantity and the optical purity of the product of 1-(2-pyridiyl) 
ethanol were determined by high performance liquid chromatography of the reaction liquid. All the reaction substrate 
5 was consumed and the yield of the product was 99% or higher. Also, as for the obtained 1-(2-pyridiyI)ethanol, (R)- 
product was formed in 83.0% ee. 

Example 17 

10 [0108] RuBr2[(S,S)-XylskewphosJ[(R)-daipen] (2.3 mg, 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with cyclohexyl methyl ketone (2.74 mL, 20 mmol), 0.01M KOC(CH3)3/2-pro- 
panol solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm 
and the reaction was started. After the reaction liquid was stin-ed for 17 h. the reaction pressure was returned to a 
normal pressure and the quantity and the optical purity of the product of 1-cyclohexyl ethanol were determined by high 

15 performance liquid chromatography on the reaction liquid. The yield of the product was 97.7%. Also, the obtained 
1-cyclohexyl ethanol was reacted with (R)-MTPAC1 [(R)-{-)-a-methoxy-a-(trifuruoromethyl)phenylacetylchloridel in the 
presence of a base to obtain the optical purity. The product was formed in the optical purity of 94.4% ee. 

Example 18 

20 

[0109] RuBr2[(S.S)-Xylskewphos][(R)-daipen] (2.3 mg, 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with benzylacetone (3.0 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol solution 
(8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and the reaction 
was started. After the reaction liquid was stirred for 17.5 h, the reaction pressure was returned to a normal pressure, 
25 and the quantity and the optical purity of the product of 1-phenyl-3-butanol were determined by gas chromatography 
on the reaction liquid. The yield of the product was 99.3%. Also, the obtained 1-phenyl-3-butanol was formed in 53.1 % 
ee. 

Example 19 

30 

[0110] RuBr2[(S,S)-Xylskewphos][(R)-dalpen] (2.3 mg, 0.002 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with 4-methyl-3-penten-2-one (2.3 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propa- 
nol solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm 
and the reaction was started. After the reaction liquid was stinred for 21 h, the reaction pressure was returned to a 
35 normal pressure and the quantity and the optical purity of the product of 4-methyl-3-penten-2-ol were determined by 
gas chromatography of the reaction liquid. The yield of the product was 99.5%. Also, as for the obtained 4-methyl- 
3-penten-2-ol, (R)-product was formed In 90.5% ee. 

Example 20 

40 

[0111] RuBr2[(S,S)-Xylskewphos][(R)-dalpen] (1.15 mg, 0.001 mmol) was placed in a 100 mL glass autoclave, re- 
placed with argon, subsequently added with 2,2,2-trifluoroacetophenone (1 .36 mL, 10 mmol), 0.01 M KOC(CH3)3/2-pro- 
panot solution (4 mL, 0.04 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm 
and the reaction was started. After the reaction liquid was stirred for 19 h, the reaction pressure was returned to a 
45 normal pressure, and the quantity and the optical purity of the product of 2,2,2-trlfluorophenethyl alcohol were deter- 
mined by gas chromatography on the reaction liquid. The yield of the product was 95%. Also, as for the obtained 
2,2.2-trifluorophenethyl alcohol, (R)-product was formed in 78.1% ee. 

Example 21 

50 

[0112] RuBr2l(S,S)-Tolskewphos]complex (1.5 mg, 0.002 mmol) obtained in Example 1 and (R)-DAIPEN (0.6 mg, 
0.002 mmol) was placed in a 100 mL glass autoclave under argon, further added with acetophenone (2.3 mL, 20 mmol), 
0.01 M KOC(CH3)3/2-propanot solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was intro- 
duced to a pressure of 9 atm and the reaction was started. After the reaction liquid was stirred for 29 h, the reaction 
55 pressure was returned to a normal pressure and the quantity and the optical purity of the product of phenethyl alcohol 
were determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed and the yield 
of the product was 99% or higher. Also, as for the obtained phenethyl alcohol, (R)-product was formed in 92.1% ee. 
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Example 22 

[01131 RuBr2[(S,S)-Xylskewphoslcomplex (1.6 mg, 0.002 mmol) obtained in Example 4 and {S,S)-DPEN (0.4 mg, 
0.002 mmol) was placed in a 100 mL glass autoclave under argon, further added with acetophenone (2.3 mL, 20 mmol), 
5 0.01 M KOC(CH3)3/2-propanol solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was Intro- 
duced to a pressure of 9 atm and the reaction was started. After the reaction liquid was stirred for 24 h, the reaction 
pressure was returned to a normal pressure and the quantity and the optical purity of the product of phenethyl alcohol 
were determined by gas chromatography on the reaction liquid. All the reaction substrate was consumed and the yield 
on the product was 99% or higher. Also, as for the obtained phenethyl alcohol, (R)-product was fomied In 93.7% ee. 

10 

Example 23 

[01141 RuBr2[(S,S)-Xylskewphos]complex (1.6 mg, 0.002 mmol) obtained in Example 4 and (R)-DAIPEN (0.6 mg, 
0.002 mmol) was placed in a 100 mL glass autoclave under argon, further added with acetophenone (2.3 mL. 20 mmol), 
^5 0.01 M KOC(CH3)3/2-propanol solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was Intro- 
duced to a pressure of 9 atm and the reaction was started. After the reaction liquid was stirred for 2 h, the reaction 
pressure was returned to a normal pressure, and the quantity and the optical purity of the product of phenethyl alcohol 
were determined by gas chromatography of the reaction liquid. All the reaction substrate was consumed and the yield 
of the product was not less than 99%. Also, as for the obtained phenethyl alcohol. (R)-product was formed In 97.3% ee. 

20 

Example 24 

[01151 RuBr2[(S,S)-3-methyl-Xylskewphos][(S)-daipenl (2.3 mg, 0.002 mmol) was placed in a 100 mL glass auto- 
clave, replaced with argon, subsequently added with acetophenone (2.3 mL, 20 mmol), 0.01M KOC(CH3)3/2-propanol 
25 solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and 
the reaction was started. After the reaction liquid was stired for 19 h, the reaction pressure was returned to a normal 
pressure and the quantity and the optical purity of the product of phenethyl alcohol were determined by gas chroma- 
tography on the reaction liquid. All the reaction substrate was consumed and the yield of the product was not less than 
99%. Also, as for the obtained phenethyl alcohol. (R)-product was formed in 94.4% ee. 

30 

Example 25 

[01161 RuBr2[(S,S)-3-methyi-Xylskewphos][(S)-daipen] (2.3 mg, 0.002 mmol) was placed in a 100 mL glass auto- 
clave, replaced with argon, subsequently added with propiophenone (2.7 mL, 20 mmol), 0.01 M KOC(CH3)3/2-propanol 
35 solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to a pressure of 9 atm and 
the reaction was started. After the reaction liquid was stirred for 19 h, the reaction pressure was returned to a normal 
pressure and the quantity and the optical purity of the product of 1 -phenyl- 1-propanol were determined by gas chro- 
matography of the reaction liquid. All the reaction substrate was consumed and the yield of the product was 99% or 
higher. Also, as for the obtained 1 -phenyl- 1-propanol, (R)-product was formed in 95.7% ee. 

40 

Example 26 

[01 17] RuBr2l(R,R)-1 ,3-diphenyl-1 ,3-bis(3,5-xylylphosphino)propane][(S)-daipenl (2.5 mg. 0.002 mmol) was placed 
In a 100 mL glass autoclave, replaced with argon, subsequently added with propiophenone (2.7 mL, 20 mmol), 0.01 M 
45 KOC(CH3)3/2-propanol solution (8 mL, 0.08 mmol), degassed and replaced with argon. Hydrogen was introduced to 
a pressure of 9 atm and the reaction was started. After the reaction liquid was stirred for 24 h, the reaction pressure 
was retumed to a normal pressure and the quantity and the optical purity of the product of 1 -phenyl- 1-propanol were 
determined by gas chromatography of the reaction liquid. All the reaction substrate was consumed and the yield of the 
product was 99% or higher. Also, as for the obtained 1-phenyl-1-propanol, (R)-product was formed in 81 .6% ee. 

50 

[Effect of the Invention] 

[01 18] As shown above, the invention provides novel ruthenium complexes having as the ligand an optically active 
diphosphine compound, which has asymmetry on carbon and is easy to synthesize and a process for preparing optically 
55 active alcoholic compounds using said complexes as the catalysts. The above novel ruthenium complexes according 
to the invention are excellent in the points of reactivity, enatloselectivlty and the like in an asymmetric hydrogenation 
of carbonyl compounds compared with conventional ruthenium complex catalysts having as the ligand an opticaly 
active diphosphine compound having the axial chirality or the asymmetry on carbon and are industrially very useful. 
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Claims 

1. An optically active ruthenium complex represented by the general formula (1 ) 



R^R^P PR^R^ 



RuXY 




( 1 ) 



(wherein X and Y. which can be identical to or different from each other, represent a hydrogen atom or an 
anion group, and R2, which can be identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20, which can be substituted, and which can be identical to or different 
from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and 
R^ which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30, which can be substituted, with the proviso that when X and Y are bromine, R^ and R2 are a methyl group, and 
when R3 and R^ are a hydrogen atom, at least one of R5, R^, R7 and R^ is not a phenyl group.). 

2. The ruthenium complex according to claim 1 wherein R"" and R^ are a methyl group, R^ and R"*. which can be 
identical to or different from each other, are a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, 
and R5 R6 R7and RS, which can be identical to or different from one another, are a phenyl, 4-tolyl or 3, 5-xylyl group. 

3. The ruthenium complex according to claim 1 wherein R^ and R2 are a methyl group, R^ and R"* are a hydrogen 
atom, and R^, R^, R^ and R^, which are Identical to one another, are a 4-tolyl or 3,5-xylyl group. 

4. The optically active ruthenium complex according to claim .1 wherein R"" and R2 are a phenyl group, R^ and R^, 
which can be Identical to or different fi^om each other, are a hydrogen atom or a hydrocarbon group of carbon 
number 1 to 3. and R5, R6, r7 and R^, which are identical to one another, are a phenyl, 4-tolyl or 3,5-xylyl group, 

5. The ruthenium complex represented by the general fomnula (2) 



(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an 
anion group, and A is a compound represented by the below general formula (3) 



(wherein R'' and R2, which can be identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20, which can be substituted, R^ and R^, which can be identical to or different 
from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and 
R8, which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30, which can be substituted.), and B is a compound represented by the below general formula (4) 



RuXYAB 



(2) 




( 3 ) 
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R^^ R^^ 

(wherein R^, R^o, R''^ and which can be identical to or different from one another, represent a hydrogen 
atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least 
one of these groups is a hydrogen atom, R^^, r14^ ris and R^^^ which can be identical to or different from one 
another, represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can 
be substituted, and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, 
or a single bond.)). 

The ruthenium complex according to claim 5 in which all of R^, R^, R^ and RS are a phenyl group, wherein R13 
and Ri5 are a hydrogen atom, R^^ and R^^ are a phenyl group, and when Z is a single bond, at least one of R9, 
Rio, Rii and R12 jg not a hydrogen atom. 

The ruthenium complex according to the claim 6 wherein alt of R^, R^o, R^^ and Ri2 are a hydrogen atom, R^^ is 
a hydrogen atom, R^^ is an isopropyl group, R^s and R^^ are 4-methoxyphenyl group, and Z is a single bond 

The ruthenium complex according to claim 5 wherein the compound A is a TolSKEWPHOS: 2,4-bis-{di-4-tolylphos- 
phino)pentane. a XylSKEWPHOS: 2,4-bis-{di-3,5-xylylphosphino)pentane, 2,4-bis-(dlphenylphosphino).3-meth- 
ylpentane, 2.4-bis-(di-4-tolylphosphino)-3-methy!pentane, 2.4-bis-(di-3.5-xylylphosphino)-3-methylpentane. 
1.3-bis-(di'phenylphosphino)-1,3-diphenylpropane,1,3-bis-(di-4-tolylphosphino)-1,3-dlphenylprop^ 
sis-xylylphosphino)- 1,3-diphenylpropane, 1.3-bis-(diphenylphosphino)-1.3.dlphenyl-2-methylpropane. 1.3-bis- 
(di^-tolylphosphino)-l ,3.diphenyi-2-methylpropane or 1 .3-bis-{di-3,5-xylylphosphino)-1 ,3-diphenyi-2-methylpro- 
pane, and the compound B is diphenylethylenediamine or 1-isopropyl-2,2-di{p-methoxyphenyl)ethy!enediamine. 

A process for preparing an alcoholic compound, wherein said process comprises a step of preparing the alcoholic 
compound by reducing a carbonyl compound with the reaction of hydrogen or a compound donating hydrogen in 
the presence of an optically active ruthenium complex represented by the general formula (1) 

R^R^P PR^R^ 

RuXy( r1x\Ar2 ) 

R^ ( 1 ) 



(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an 
anion group, R^ and R2, which can be identical to or different from each other, represent a chain or cyclic hydro- 
carbon grouiD of carbon number 1 to 20, which can be substituted. R3 and R^, which can be identical to or different 
from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, r7 and 
R8. which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
3o! which an be substituted, with the proviso that when X and Y are bromine, R^ and R2 are a methyl group, and 
when R3 and R4 are a hydrogen atom, at least one of R5, R6, r7 and R^ does not represent a phenyl group.), an 
optically active diamine compound represented by the general formula (4) 
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10 



45 



R®R^°N NR^^R^^ 



'14 • 



R 



'iT' (4) 



(wherein R®, R^o, R'"'' and R^^^ ^hich can be identical to or different from one another, represent a hydrogen 
atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, Which can be substituted, wherein at least 
one of these groups is a hydrogen atom, R''^, R'''*, R^^ and R''^, which can be identical to or different from one 
another, represent a chain or cyclic hydrogen atom or a hydrocarbon group of carbon number 1 to 30, which can 
15 be substituted, . and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 1 0, which can be substituted, 

or a single bond.), and a base (an alkaline metal or alkaline earth metal salt, or a quaternary ammonium salt). 

10. The process according to claim 9, wherein R^, R^^ r1i and R''2 are a hydrogen atom, R''^ and Ri5 are a hydrogen 
atom, R^^ and R^^^ represent a phenyl group and Z represents a single bond, or R''^ represents a hydrogen atom, 

20 R14 represents an isopropyl group, R^^ and R**^ represent 4-methoxyphenyl group and Z represents a single bond. 

11. The process according to claim 9 or 10, wherein Ri to R^ are represented by the following a) to c): 

a) R'' and R2 are a methyl group, R^ and R"*, which can be identical to or different from each other, are a 
25 hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, r7 and R^, which are one another 

identical, are a phenyl, 4-tolyl or 3,5-xylyt group; 

b) R'* and R2 are a methyl group, R^ and R^ are a hydrogen atom, and R^. r6, r7 and R^, which are one 
another identical, are a 4-tolyl or 3,5-xylyl group; or 

c) R1 and R2 are a phenyl group, R^ and R"*, which can be identical to or different from each other, represent 
30 a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R6, r7 and R^ which are one 

another identical, are a phenyl, 4-tolyl or 3.5-xylyl group. 

12. A process for preparing an alcoholic compound, wherein said process comprises a step for preparing the alcoholic 
compound by reducing a cart)onyl compound with the reaction of hydrogen or a compound donating hydrogen in 

35 the presence of an ruthenium complex represented by the general formula (2) 

RuXYAB (2) 

40 (wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an 

anion group, and A is a compound represented by the general formula (3) 



50 




( 3 ) 



(wherein R^ and R2. which can be identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20, which can be substituted, R^ and R^ which can be Identical to or different 
55 from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, R^ and 

R8 which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30, which can be substituted.), and B is a compound represented by the general formula (4) 
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r^r^on nr^'r'* 

(wherein R^, R"**^, R''^ and R^^^ which can be Identical to or different from one another, represent a hydrogen 
atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least 
one of these groups is a hydrogen atom. Ri3, R^^ R^5 and which can be identical to or different from one 
another, represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30. which can 
be substituted, and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10. which can be substituted, 
or a single bond.)), and a base (an alkaline metal or alkaline earth metal salt, or a quaternary ammonium salt). 

13. The process according to daim 12. wherein Ri to R^e, the compound A and the compound B are represented by 
either of the following a) to c): 

a) all of R5, r6, r7 and R8 are a phenyl group (with the proviso that when R13 and R^s are a hydrogen atom, 
R14 and R^6 are a phenyl group, and when Z is a single bond, at least one of R^. R^o, R^^ and |s not a 

hydrogen atom.); , 

b) all of R5, R6, r7 and R8 are a phenyl group, all of R9 Rio, R^^ and R12 are a hydrogen atom, R^^ is a 
hydrogen atom, additionally R14 is an Isopropyl group, R15 and R16 are a 4-methoxyphenyl group and Z is a 

single bond, or ^« „ ^ i.. 

c) The compound A is a TolSKEWPHOS: 2.4-bis-(di-4-tolylphosphino)pentane. a XylSKEWPHOS: 2.4-bis-(di. 
3,5-xylylphosphino)pentane, 2,4-bis-(diphenylphosphino)-3-methylpentane, 2,4-bis-(di-4-tolylphosphino)- 
3-methylpentane, 2.4-bis-(di-3.5-xylylphosphino)-3-methylpentane. 1 ,3-bis-(diphenylphosphino)- 1 .3-dlphe. 
nylpropane, 1,3-bis-(di^-tolylphosphino)- 1.3-diphenylpropane, 1,3-bis-{di-3,5-xylylphosphino)- 1.3-diphenyl- 
propane. 1 .3-bis-(diphenylphosphino)-1 .3-dipheny|.2-methylpropane, 1 ,3-bls-(di-4.tolylphosphino). 
1 ,3-diphenyl-2-methylpropane or 1 ,3-bis-(di-3,5-xylylphosphino)-1 .3-diphenyl-2-methy!propane. and the com- 
pound B is diphenylethylenediamine or 1-isopropyl-2,2-di(p-methoxyphenyl)ethylenediamine. 

14. A process for preparing an optically acUve ruthenium complex represented by the general formula (1) 

R^R^P PR^R^ 
RuXy( r^A^p,2 ) 

R^R^ (1) 



(wherein X and Y. which can be identical to or different from each other, represent a hydrogen atom or an 
anion group, R^ and R2, which can be identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20. which can be substituted, R3 and R^ which can be identical to or different 
from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R5, R6, r7 and 
R8 which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30* which can be substituted, with the proviso that when X and Y represent bromine, R^ and R2 are a methyl group, 
and when R3 and R4 are a hydrogen atom, at least one of RS, R6 R7 and RS is not a phenyl group.), wherein said 
process comprises a step for obtaining the compound represented by the above general fomnula (1) by reacting 
a compound represented by the general formula (5) 

RuXY (5). 
(wherein X and Y, which can be identical to or different from each other, represent a hydrogen atom or an 
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anion group.) and a compound represented by the general formula (3) 




(3) 



(wherein and R2, which can be Identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20, which can be substituted, R3 and R^, which can be identical to or different 
16 from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, r7 and 

R^, which can be Identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30, which can be substituted.). 



15. A process for preparing a ruthenium complex represented by the general formula (2) 



RuXYAB (2) 



(wherein X and Y. which can be Identical to or different from each other, represent a hydrogen atom or an 
25 anion group, A is a compound represented by the below genera) formula (3) 



30 



35 



RsReP PR/Rs 




( 3 ) 



40 



(wherein R^ and R2, which can be Identical to or different from each other, represent a chain or cyclic hydro- 
carbon group of carbon number 1 to 20, which can be substituted, R3 and R"*, which can be Identical to or different 
from each other, represent a hydrogen atom or a hydrocarbon group of carbon number 1 to 3, and R^, R^, r7 and 
RS, which can be identical to or different from one another, represent a hydrocarbon group of carbon number 1 to 
30, which can be substituted.), and B Is a compound represented by the general formula (4) 



r13-C-Z-C^o16 

(wherein R®, R^^, R'*'* and R'*^, which can be identical to or different from one another, represent a hydrogen 
atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can be substituted, wherein at least 
55 one of these groups is a hydrogen atom. R^^^ r14^ ris and R^^, which can be Identical to or different from one 

another, represent a hydrogen atom or a chain or cyclic hydrocarbon group of carbon number 1 to 30, which can 
be substituted, and Z is a chain or cyclic hydrocarbon group of carbon number 1 to 10, which can be substituted, 
or a single bond.)), wherein said process comprises a step for obtaining the compound represented by the above 
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general formula (2) by reacting a compound represented by the below general formula (1) 



RuXy( RiA^pa ) 

R^R' ( 1 ) 

(wherein each symbol has the same meaning as described above. ) and the above compound B. 
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